Heterogeneous nuclear ribonucleoprotein K (hnRNP K), a component of hnRNP particles, is involved in several steps of gene expression regulation. Dengue (DEN) virus, a member of the Flaviviridae, is the primary cause of illnesses such as dengue fever, dengue hemorrhagic fever, and dengue shock syndrome. In mature DEN virus particles, the core protein is a structural protein that forms a nucleocapsid complex with genomic RNA. Very little of its biologic functions is known. Here, using an in vitro binding assay and coimmunoprecipitation analysis, we report a protein-protein interaction between the DEN virus core protein and hnRNP K. The C-terminal hydrophilic region of the DEN virus core protein, spanning amino acid residues 73 to 100, is required for such interaction. Results of glutathione-S transferase binding assays indicated that the core protein-hnRNP K interaction might be abolished in the presence of hnRNP K cognate nucleic acids. Furthermore, in a cotransfection experiment, the repressive effect of hnRNP K on C/EBPb-mediated transcription activation could be reversed by full-length DEN virus core protein but not by a truncated form containing amino acids 1-72. Our results suggest that, on DEN virus infection, the multiple functions of cellular hnRNP K may be affected by the virus core protein. 569 
INTRODUCTION T
HE hnRNP K PROTEIN HAS BEEN IDENTIFIED as a component of heterogeneous nuclear ribonucleoprotein complexes (hn-RNP) Weighardt et al., 1996; Krecic and Swanson, 1999) . It contains both a classical nuclear localization signal and the novel K nuclear shuttling domain that allows it to move between the nucleus and the cytoplasm (Michael et al., 1997) . The K protein is involved in several cellular processes through its binding to RNA, DNA, and multiple proteins (Bomsztyk et al., 1997) . The nucleic acid-binding activity of hnRNP K is mediated by three repeats of motifs termed the KH (K homology) domain (which consists of 65-70 residues) and two RGG (Arg-Gly-Gly) boxes (Siomi et al., 1993; Tomonaga and Levens, 1995; Lee et al., 1996) . The hnRNP K protein contains a cluster of proline-rich regions that interact with the SH3 domains of the proto-oncogene Vav, the Src family of tyrosine kinases, and PKCd (Hobert et al., 1994; Van Seuningen et al., 1995; Bustelo et al., 1995; Schullery et al., 1999) . The K protein may assemble on DNA as either transcriptional repressors or activators, depending on the circumstances. For example, it binds to the CT element and interacts with TATA-binding protein to activate c-myc expression (Takimoto et al., 1993; Michelotti et al., 1996) . It also binds in vivo and in vitro to a zincfinger transcriptional repressor, Zik1 (Denisenko et al., 1996) . Moreover, it antagonizes SP1-mediated trans-activation of the neuronal nicotinic acetylcholine receptor promoter (Du et al., 1998) . We also have previously demonstrated that hnRNP K interacts with a transcriptional activator, C/EBPb, and inhibits C/EBPb-mediated activation (Miau et al., 1998) . Hepatitis C virus core protein, which has been shown to modulate cellular and viral promoter activities, is also a hnRNP K-interacting protein (Hsieh et al., 1998) . In addition to signal transduction and transcription, hnRNP K is implicated in translational regulation by binding to 15-lipoxygenase mRNA (Ostareck et al., 1997) and human papillomavirus type 16 L2 mRNA (Collier et al., 1998) and causing translation inhibition.
Dengue (DEN) virus belongs to the Flaviviridae family. It circulates in nature in four serologically distinct types (serotypes 1-4), and it can cause diseases ranging from mild dengue fever to the severe, often fatal, dengue hemorrhagic fever and dengue shock syndrome. The DEN viruses are transmitted to humans by mosquitoes and have become a serious health problem in the tropical and subtropical areas of the world in the last few years. Like other flaviviruses, DEN virus contains an approximately 10.5-kb single positive-stranded RNA genome, which is initially translated into a single polyprotein on infection. The core protein, located at the N terminus of the polyprotein, forms a structural component of the viral capsid. There is little sequence conservation among the various flavivirus core proteins, but they are similar in size and net positive charge and share an internal hydrophobic segment (Chambers et al., 1990) . The core protein of DEN 2 can be detected in the nucleus, but its function is not clear (Bulich and Aaskov, 1992) . Many studies on the other member of Flaviviridae family, such as the hepatitis C virus (HCV), showed that the core protein may have multiple roles in the viral life cycle and can trans-regulates several viral and cellular genes (Shih et al., 1993; Ray et al., 1995 Ray et al., , 1997 Ray et al., , 1998 . In this study, we aimed to explore the possibility of an interaction between the DEN virus core protein and hnRNP K. Several experiments were performed to characterize their physical and functional interactions.
MATERIALS AND METHODS

Plasmids and constructs
The C/EBPb-CAT construct and full-length hnRNP K cDNA were cloned as described (Chang et al., 1995; Miau et al., 1998) . The EcoRI fragment of hnRNP K was subcloned into pEGFP-C (Clontech) for eukaryotic GFP-hnRNP K protein expression and was also subcloned into pGEX (Amersham Pharmacia) for glutathione-S transferase (GST) fusion protein production. To construct the truncated mutants, the EcoRI-NdeI fragment (amino acids 1-379), EcoRI-HindIII fragment (amino acids 1-180), XbaI-EcoRI fragment (amino acids 277-464), HindIIIEcoRI fragment (amino acids 179-464), and HindIII-XbaI fragment (amino acids 179-276) were subcloned into pEGFP-C (Clontech) and pGEX (Amersham Pharmacia) vectors. The pEC1-100, pEC1-72, pEC15-100, pEC37-100, and pEC59-100 were constructed by insertion of a series of PCR products that encode DEN virus core protein from amino acids 1 to 100, 1 to 72, 15 to 100, 37 to 100, and 59 to 100, respectively, into the pET 29 vector (Invitrogen). The DNA fragment encoding amino acids 1 to 100 and 1 to 72 of the DEN virus core protein were cloned into the pCMV-DS eukaryotic expression vector with the CMV promoter and a tag composed of 8 amino acids of delta antigen (MSRSESKRNR). The cDNA of HuR was isolated by RT-PCR using two primers: 59-ATGTC-TAATGGTTATGAAGAC-3 9 and 59-ATGAGCGAGTTA-TTTGTGGG-39 and RNA from HeLa cells. The cDNA of hn-RNP E2 was synthesized by RT-PCR using the primers 59-CTAGCTGCTCCCCATGCCAC-3 9 and 59-ATGGACAC-CGGTGTGATTG-A39. The product was cloned into pGEX (Amersham Pharmacia) and pCMV-Tag2 (Stratagene).
In vitro translation
A series of deletion mutants of DEN virus core protein, including full-length and amino acids 15 to 100, 37 to 100, 59 to 100, and 1 to 72 were translated by the TNT-coupled reticulocyte lysate system (Promega). The translated proteins were 35 SMet labeled.
Recombinant protein expression and purification
All GST fusion proteins were expressed in E. coli strain DH5a, and crude lysates were prepared according to the Amersham Pharmacia manual.
GST binding assay
Glutathione-Sepharose 4A beads (Amersham Pharmacia) were mixed with 2 mg of full-length or deletion-mutant GST-hnRNP K fusion proteins or GST only in 500 ml of PBS containing 1% Triton X-100 on a rotary shaker for 20 min at room temperature. The beads were washed three times with PBS and then combined with 5 ml of in vitro-translated 35 S-labeled protein in 200 ml of binding buffer containing 20 mM HEPES, pH 7.9; 100 mM NaCl, 2.5 mM MgCl 2 , 0.1 mM EDTA, 0.05% NP-40, and 1.5% Triton X-100 in the presence or absence of RNase A 10 mg/ml on a rotary shaker at room temperature for 30 min. The beads were washed three times with 500 ml of binding buffer containing 500 mM NaCl. Finally, the bound proteins were separated by SDS-PAGE followed by autoradiography. In various experiments, nucleic acids were added. Poly(C), poly(A), poly(G), and poly(U) were purchased from Sigma. The sequence of the sense CT3 oligonucleotide is 59-AATTCTCCTCCCCACCTTCCCCACCCTC-CCCA-39; the antisense CT3 is the complementary oligonucleotide. The 39 UTR of 15-lipooxygenase, termed LOX-R and LOX-NR, were cloned by PCR and in vitro transcribed to RNA (Ostareck et al., 1997) .
Assessment of hnRNP K-mRNA interactions
The interaction of hnRNP K and mRNA was assessed as described (Ostrowski et al., 2000) . Briefly, GSH beads bearing GST-hnRNP K were mixed with DEN virus core-protein deletion constructs from amino acids 1 to 100 or 1 to 72. After being washed, 25 mg of total RNA from 293T cells was added in the binding buffer containing 10 mM HEPES, pH 7.6; 3 mM MgCl 2 , 2 mM DTT, 40 mM KCl, 5% glycerol, and 0.5% NP-40. The beads were centrifuged, and the supernatant liquid, containing unbound RNA, was saved. After extensive washing with binding buffer, the bound RNAs were eluted with 100 ml of elution buffer (10 mM Tris, pH 7.5; 100 mM NaCl, 0.5 mM EDTA, 1% SDS). RNA was phenol purified and ethanol precipitated, and RNA pellets were dissolved and translated in vitro using rabbit reticulocyte lysate (Promega) in the presence of 35 S-Met. The 35 S-labeled translational products were separated by SDS-PAGE and analyzed by autoradiography.
Immunoprecipitation and Western blot analysis
To prepare whole-cell extract (WCE), 1 3 10 7 293T cells were resuspended in lysis buffer (20 mM Tris HCl, pH 7.6; 0.4 M NaCl, 1 mM EDTA, 1% Triton X-100, 1 mM DTT, leupeptin 1 mg/ml, pepstatin A 1 mg/ml, and PMSF 100 mg/ml). The cell suspension was rotated at 4°C for 30 min and cleared by centrifugation at 10,000 3 g for 10 min. The protein concentration was estimated by the Bio-Rad protein assay. Whole-cell extracts (1 mg) were incubated with anti-GFP antibody and protein A Sepharose (Amersham Pharmacia) or anti-Flag M2 beads at 4°C for 16 h in 0.4 ml of lysis buffer containing 0.1 M NaCl. After extensive washes with lysis buffer, the protein complexes were subjected to 15% SDS-PAGE. The proteins separated by SDS-PAGE were transferred to Hybond-C membranes (Amersham Pharmacia) and subjected to Western detection by monoclonal antibody 6A1 against delta antigen (kindly provided by Dr. W.-J. Syu).
Cell culture, transfection, and CAT assay
The 293T and BHK cells were maintained in DMEM (Life Technologies) supplemented with 10% FBS (Hyclone) and 1% penicillin-streptomycin (Life Technologies). Transfection was performed using the calcium phosphate precipitation method and followed by CAT assay, as described previously .
Immunofluorescence staining
The 293T cells grown on 24-well plates were cotransfected with pEGFP-hnRNP K and pCMV-DS-core plasmids by the calcium phosphate method. Forty hours after transfection, cells were washed with PBS, fixed with methanol for 20 min at room temperature, and permeabilized with 0.5% Triton X-100 in PBS for 10 min. The cells were stained with anti-delta primary antibody and rhodamine-conjugated goat anti-mouse secondary antibody. The stained cells were observed under a fluorescence microscope (Axiovert S100; Zeiss).
RESULTS
Physical interaction between hnRNP K and DEN virus core protein
Hepatitis C virus core protein was previously shown to interact with hnRNP K and consequently act to relieve the suppressive effect of hnRNP K on the thymidine kinase gene promoter activity (Hsieh et al., 1998) . We carried out experiments to explore the possible interaction of the core protein of the other member of the Flaviviridae, the dengue virus, with hn-RNP K. The results of the binding assay showed that in vitrotranslated 35 S-labeled DEN virus core protein specifically interacted with GST-hnRNP K fusion protein (Fig. 1A) . The GST protein alone or another GST fusion construct encoding an RNA-binding protein HuR could not interact with the DEN virus core protein.
It is known that both hnRNP K and DEN virus core protein are RNA-binding proteins. Thus, to exclude the possibility that the DEN virus core protein might be brought down indirectly through its interaction with RNAs, GST pull-down assays were performed after treatment with RNase A. Figure 1B shows that this treatment did not affect the interaction of hnRNP K with DEN virus core protein, whereas the binding of the HIV gag protein to GST-hnRNP K was decreased. This result suggests that the hnRNP K-DEN virus core protein interaction was not through RNA. The GST-hnRNP K complex could not bring down the 35 S-labeled HuR, demonstrating the specificity of the interaction between the DEN virus core protein and hnRNP K.
Characterization of interacting domains responsible for association between hnRNP K and DEN virus core protein
To dissect the region of hnRNP K critical for specific binding to the DEN virus core protein, several truncated mutants were constructed and expressed in bacteria and eukaryotic cells. The GST pull-down assays showed that the binding activity of GST-K (1-379) was slightly lower than that of GST-K (1-464). The other deletion constructs, including GST-K (1-180), GST-K (179-276), , and GST-K (277-464), bound poorly with the DEN virus core protein ( Fig. 2A) . From these results, we could not determine the exact core protein-binding domains on hnRNP K. It appears that an intact molecule of hnRNP K is essential for full DEN virus core protein-binding activity. Furthermore, to determine whether hnRNP K is capable of binding to DEN virus core protein in cells, coimmunoprecipitation was performed on lysates of cells transiently overexpressing both proteins. The 293T cells were transfected with a series of deletion constructs of GFP-hnRNP K and the delta-DEN virus core protein. The whole-cell extracts were isolated and brought down by anti-GFP antibody and protein ASepharose. The immunoprecipitated protein complexes were analyzed by Western blot with anti-delta antigen antibody. The results showed that K (1-464) and K (179-464), but not K (277-464) or K (1-180), could bring down the DEN virus core protein (Fig. 2B) . The truncated K (179-464) could not bring down the DEN virus core protein in the in vitro-binding assay, but the two could be coimmunoprecipitated from the 293T cell extracts. It is possible that the interaction is mediated indirectly by interacting with other proteins in the cell extracts. We also demonstrated that another hnRNP component, hnRNP E2, could bring down the DEN virus core protein in the immunoprecipitation experiment ( Fig. 2C; lanes 1-3) . Furthermore, the interaction between them was confirmed by the GST binding assay ( Fig. 2C; lanes 4-6) . The protein-protein interaction between hnRNP K and E2 has previously been demonstrated (Kim et al., 2000) .
The core protein used in this study belongs to the DEN virus of serotype 2, isolated in Taiwan. The amino acid sequence is shown in Figure 3A . The N and C termini of the core protein are rich in basic amino acids and belong to hydrophilic regions, whereas the central region (40-60) is the hydrophobic domain. To determine the region on the DEN virus core protein that is responsible for binding to hnRNP K, several truncated constructs, ranging from amino acids 15-100, 37-100, 59-100, and 1-72, were translated in vitro and incubated with GST-hnRNP K in a binding assay (Fig. 3B) . The three N-terminus deletion constructs (aa 15-100, 37-100, and 59-100) retained most of hnRNP K-binding activity, but the C-terminus deletion con- and delta-core proteins. After immunoprecipitation by anti-GFP antibody, the protein complexes were analyzed by Western blotting with anti-delta antibody. The lower gels show the expressed amounts of delta-core and GFP-hnRNP K; 100 mg or 50 mg of whole-cell extracts were detected by Western blotting with anti-delta or anti-GFP antibody. (C) The 293T cells were transfected with Flag-hnRNP E2 and delta-core protein. Whole-cell extracts were prepared and immunoprecipitated with anti-Flag M2 beads followed by Western blotting using anti-delta antibody (lanes 1-3) . Lanes 4-6 represent the GST binding assay. The 35 S-DEN virus core protein was incubated with beads bound to GST (lane 5) or GST-hnRNP E2 (lane 6). Beads were washed, and bound proteins were subjected to SDS-PAGE. struct (aa 1-72) had lost the activity completely. This result indicates that the hydrophilic amino acid region from residues 73 to 100 of the DEN virus core protein may be involved in the interaction with hnRNP K.
Subcellular localization of hnRNP K and the DEN virus core protein
To further demonstrate the interaction between hnRNP K and the DEN virus core protein in vivo, immunofluorescence staining of both proteins in cells was performed. Both 293T and BHK cells were cotransfected with plasmids encoding GFP-hn-RNP K and delta core. The location of hnRNP K was observed by green fluorescence, and the location of the DEN virus core protein was detected with an antibody against the delta tag. The hnRNP K protein was found exclusively in the nuclei of both 293T and BHK cells (Fig. 4B, E) . The DEN virus core protein seemed to have a broader distribution, including both the nucleus and the cytoplasm in both cells (Fig. 4C, F) . Double exposure indicated that the two proteins were present within the nuclei (data not shown). To exclude the possible effect of the tag on the cellular localization of the fusion protein, the Flagtagged core protein also was used in immunofluorescence staining. The location of Flag-tagged core protein was identical to that of the delta-tagged protein (data not shown).
Effects of nucleic acid binding on interaction of DEN virus core protein with hnRNP K
The hnRNP K protein has both RNA-binding and DNA-binding properties. Because the functions of hnRNP K might be regulated by binding to RNA and DNA, we next tested the effect of the cognate nucleic acid motifs on the interaction between the DEN virus core protein and hnRNP K. We added nucleic acids to the GST-binding assays. The GST-K beads were preincubated with nucleic acids for 30 min before the DEN virus core protein was added (Fig. 5A) . The specific hnRNP K-binding nucleic acid elements, such as poly(C), LOX-R, and sense CT3 oligonucleotide, could diminish the hnRNP K-DEN core protein complex dramatically. Poly(U) moderately decreased the interaction between hnRNP K and the DEN virus core protein, whereas other nucleic acid elements such as poly(A), poly(G), antisense CT3, and LOX-NR, did not alter the binding. The inhibitory effect of specific nucleic acid elements on the protein interaction was decreased when hnRNP K and the core protein were incubated before the addition of the nucleic acids (data not shown). These findings suggest that the presence of specific hnRNP K-binding nucleic acids could block the interaction between the core protein and hnRNP K.
We further examined whether the association with the core protein could mediate the nucleic acid-binding activity of hn-RNP K. We tested the general mRNA-binding activity of hn-RNP K in the presence of the DEN virus core protein. The DEN virus core protein deletion construct (aa 1-72), whose inability to interact with hnRNP K has been demonstrated above, served as a negative control in this experiment. Beads bearing GSThnRNP K were incubated with DEN virus core protein construct 1-72 ( Fig. 5B; lanes 1 and 3) or 1-100 ( Fig. 5B ; lanes 2 and 4). After washes, 25 mg of total RNA prepared from 293T cells was mixed with these beads. The beads were spun down, and the unbound fraction was collected. Bound RNAs were eluted with RNA elution buffer. The bound and unbound RNAs were in vitro translated, and the 35 S-labeled products were analyzed by SDS-PAGE. The result showed that hnRNP K, when in the presence of DEN virus core protein 1-100, bound a smaller fraction of the mRNAs than in the presence of DEN virus core protein 1-72 (Fig. 5B ). This result indicated that an association with the DEN virus core protein could decrease hn-RNP K's nucleic acid-binding ability.
Role of DEN virus core protein-hnRNP K interaction in hnRNP K-mediated gene expression regulation
In our previous report, hnRNP K was shown to serve as a negative regulator to repress C/EBPb-mediated gene activation (Miau et al., 1998) . To analyze the functional interaction between DEN virus core protein and hnRNP K, we tested whether the coexpression of hnRNP K and the DEN virus core protein could affect C/EBPb trans-activation activity. Both BHK and 293T cells were transfected with plasmids containing a CAT reporter gene driven by the c/ebpb promoter, along with expression vectors of C/EBPb, hnRNP K, and the DEN virus core protein (Fig. 6) . Consistent with our previous result, C/EBPb transactivated the c/ebpb promoter, and cotransfection of hnRNP K with C/EBPb resulted in a dramatic inhibition of the C/EBPbinduced activity ( Fig. 6 ; columns 5 and 6). Coexpression of the DEN virus core protein 1-100 construct could restore the C/EBPb activity that was repressed by hnRNP K (Fig. 6 ; columns 7 and 8). The truncated DEN virus core protein 1-72 construct, which lacked the hnRNP K-binding activity, could not relieve the repressive effect of hnRNP K on the C/EBPbmediated promoter trans-activation (Fig. 6, columns 9 and 10) . The autoradiograph result in the lower panel shows the expression of the DEN virus core protein 1-100 and 1-72 constructs. Taken together, the biochemical interaction between hnRNP K and the DEN virus core protein may have a functional consequence of modulating hnRNP K-mediated transcription activity.
DISCUSSION
In this paper, we have described the interaction between hnRNP K and the DEN virus core protein. 3) . After washing, 25 mg of total RNA from 293T cells was added. The unbound and bound RNAs were further translated in vitro and analyzed by SDS-PAGE and autoradiography. dicated that the interactions occur in vitro and in vivo and are not RNA dependent. However, with these experiment approaches, we currently cannot rule out the possibility that the interactions are mediated indirectly through the involvement of other proteins in the reticulocyte lysates and cell extracts. The hnRNP K protein is versatile, involved in many cellular processes. Several reports have implicated hnRNP K in the regulation of cell growth. Moreover, hnRNP K has been shown to be activated by growth factors and consequently enhances the expression of c-myc, which plays an important role in cell cycle progression (Mandal et al., 2001) . Upregulation of hnRNP K has been observed in SV40-transformed cells (Dejgaard et al., 1994) . It has also been reported that high levels of either human or Drosophila hnRNP K in the imaginal discs can induce programmed cell death (Charroux et al., 1999) . The finding of the interaction between the DEN virus core protein and hnRNP K in our study suggests potential roles for the core protein in regulating cellular gene expression and cell proliferation. Indeed, the DEN virus has been shown to induce apoptosis in mouse neuroblastoma and human hepatoma cells (Despres et al., 1996; Marianneau et al., 1997) .
As described earlier, hnRNP K contains multiple nucleic acidand protein-interactive domains. It may simultaneously interact with its partners to form multiple protein or protein-nucleic acid complexes. The binding partners may also serve as regulators of the formation of hnRNP K-associated complexes. For example, the interaction of hnRNP K with zik1 or with Y-box binding factor is abolished by specific nucleic acid elements (Denisenko et al., 1996; Shnyreva et al., 2000) . However, hn-RNP K can simultaneously bind both K protein kinase and cSrc or Vav (Van Seuningen et al., 1995) . Thus, the interaction between hnRNP K and the DEN virus core protein might be regulated by another interacting partner (nucleic acids or proteins). As shown in Figure 5A , a specific hnRNP K-binding nucleic acid element could block the hnRNP K-DEN core protein interaction. On the other hand, the mRNA binding assay (Fig. 5B) showed that the mRNA binding activity of hnRNP K-DEN virus core protein complex is different from that of hnRNP K alone.
The DEN2 and DEN4 core proteins have been detected in the nucleus (Bulich and Aaskov, 1992; Tadano et al., 1989) . Three putative nuclear localization domains, 6KKAR9, 73KKSK76, and 85RKeigrmlnilnRRRR100, have been identified in the core protein (Bulich and Aaskov, 1992) . By indirect immunofluorescence staining, we observed that both hnRNP K and the DEN virus core protein are present in the nuclei (Fig. 4) . Therefore, cellular processes that are nuclear events (such as transcription) were explored to functionally characterize this interaction. The engagement of different factors by hnRNP K may result in both activation and repression of gene transcription (Michelotti et al., 1996; Miau et al., 1998) . The functional significance of the DEN virus core protein-hnRNP K complex in transcription regulation was demonstrated by the c/ebpb promoter activity. Our results demonstrated that the suppressive effect of hnRNP K on the C/EBPb trans-activation could be overcome by the presence of the DEN virus core protein. One of the possible mechanisms of the DEN virus core protein's effect may be blockage of the association between hnRNP K and C/EBPb. To further characterize the biochemical relation among hn-RNP K, C/EBPb, and the DEN virus core protein, we performed immunoprecipitation with whole-cell extracts of 293T cells cotransfected with pCMV-hnRNP K, pCMV-C/EBPb, along with pCMV-DS-core1-100 or pCMV-DS-core1-72. The results showed that anti-hnRNP K polyclonal antibodies could bring down equivalent amounts of C/EBPb from the whole-cell extracts containing either core 1-100 or core 1-72 (data not shown). One possible explanation is that because of the high level of endogenous hnRNP K, immunocomplexes obtained in the setting of ectopic protein overexpression might not reflect the actual in vivo protein complex distribution. Another possibility is that the DEN virus core protein does not affect the interaction of hnRNP K with C/EBPb but alters the interacting components of the hn-RNP K-C/EBPb complex. If we further clarify this effect on the complex composition, we will have a better understanding of how hnRNP K represses gene expression.
In the past, most studies concerning the DEN virus focused on the immunologic aspect. In this report, we established novel molecular properties of the DEN virus core protein, which are the interaction with cellular hnRNP K and a potential regulatory role in C/EBPb activity. Because C/EBPb is an important transcription factor during the acute-phase response and virus infection (Akira and Kishimoto, 1992) , our investigation may help to explain the pathogenesis of the DEN virus infection. Recently, in DEN virus-infected liver cells, C/EBPb has been reported to be activated and found to induce the expression of the chemokine RANTES (Lin et al., 2000) . The biologic significance of the interaction of the DEN virus core protein with hnRNP K in DEN virus-infected cells will be a future subject of investigation.
In addition to hnRNP K, we have also demonstrated the interaction between hnRNP E2 and the DEN virus core protein.
The hnRNP E2 protein is similar to hnRNP K in that it also contains the three KH domains (Leffers et al., 1995; OstareckLederer et al., 1998) . Therefore, it is most likely that the KH domains of both proteins are responsible for the interaction with the DEN virus core protein. Cooperative activity of hnRNP E2 and K on cellular or viral RNA translation has been reported by Ostareck et al. (1997) and Collier et al. (1998) . The hn-RNPE2 protein binds to poliovirus IRES and facilitates viral translation (Blyn et al., 1997 ; Garmarnik and Andino, 1997).
Moreover, it is reported to bind to the IRES of the hepatitis C virus. Taken together, these findings imply that the DEN virus core protein interacts with cellular hnRNP to affect viral and cellular RNA translation.
